It is shown that, in the sense of certain procedures for successively approximating the quantum Liouville equation, the Boltzmann-Vlasov-Maxwell equations for the description of the fully ionized plasma are a natural first approximation. The nature of some of the approximations inherent in the use of such a description of the plasma is indicated, but little attention is given to their quantitative evaluation. An H theorem for the particle-photon system is demonstrated.
INTRODUCTION
'HE purpose of this paper is to present, from one particular point of view, a summary of some preliminary investigations of particle and photon transport in fully ionized gases. ' ' The emphasis on a particular point of view is not intended to suggest that it is necessarily the best vantage point from which to inspect the subject, but rather that it is a seemingly simplifying and clarifying, and yet so far, a somewhat unexploited vantage point. There is, however, one practical consideration which militates in favor of the approach to the plasma problem discussed below. As will be seen, at a certain level of approximation, the kinetic equations emerging naturally from the present treatment are the conventional Boltzmann-Vlasov equations for the particle distributions and Maxwell's equations for the electromagnetic fields. As these equations provide the basis for a large proportion of all attempts at a quantitive analysis of plasma behavior, it seems desirable that the foundations of these equations be investigated. In fact, it is precisely this issue that provides the primary motivation for this study. Furthermore, this emphasis means that no attempt shall be made herein to review the many interesting and varied approaches to this problem that have been developed in the past few years. 4 Because recourse to experiment to test semi-intuitive models of the plasma is not often feasible, it seems necessary at the present time to investigate the validity (or range of approximate validity) of such models from strictly theoretical considerations. The accomplishment of such an objective requires, firstly, a comprehensive axiomatic statement of the problem (the axioms being reasonably widely agreed upon, of course), followed, secondly, by a deduction of descriptions of the plasma to which the various models purportedly correspond. Needless to say, no such ambitious program has yet been achieved.
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Much of the content of the present article appears in this reference in abbreviated form. Furthermore, the present article also draws heavily from the University of Michigan Radiation Laboratory Technical Report Xo. 2764 -8 -T prepared by the author.
The present discussion is restricted to the delineation of an approach to the problem of determining the validity of Boltzmann-type equations for the description of particle and photon balance in the fully ionized plasma. It is admitted at the outset that this approach essentially fails with respect to both of the main points indicated above. In the first place the selection of axioms is hardly universally agreed upon, and in the second place the deduction of consequences from the chosen axioms is far less rigorous than is desirable. Nevertheless, the results seem suggestive and represent somewhat of a generalization of the results usually discussed in the context of the present problem. Furthermore, though the deductions herein proceed via many approximations (none of which have been investigated in detail) the steps required for their testing are usually discernible.
The discussion is divided into several sections. Section I incorporates a statement of the axioms and some discussion thereof. Section II is devoted to an approximate deduction of a balance relation for the particles in the plasma and some consideration of Maxwell's equations. Section III presents a similar development of a transport equation for photons. In Sec. IV some of the implications of these balance relations for the thermodynamic state of the plasma are examined. In particular, an H theorem for the particle-photon system is sketched.
I. THE AXIOMS
The axioms required for the description of systems of the type presently under discussion are usually considered to be of two kinds. The 6rst of these is for the purpose of specifying the dynamics of the interactions between the particles that comprise the plasma, whereas the second is for the purpose of introducing statistical concepts into a description of a system characterized by a huge number of degrees of freedom. The dynamical axiom is conveniently expressed in terms of a Hamiltonian for the system; from which, according to the canonical equations, whether classically or quantum mechanically interpreted, all information may be deduced. Since we are here concerned with electrodynamics, we may expect that the dynamical axiom will be reasonably firm and noncontroversial at least within certain self-evident limitations such as, for example, nonrelativistic treatment of the particles.
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The statistical axiom is usually introduced via the concept of ensembles of systems, in terms of which the probability of finding the given system in a given state at a given instant can be meaningfully formulated. [P,(x) 
An arbitrary, measurable function defined over the domain of x may now be represented by a series of these functions as
where the coefficients in the expansion are determined by
The function set is orthonormal,
and complete,
Consider the expansion of the fiel operator, P, (x) in terms of these functions, i.e. , P, (x)= P a, (X,K)q(X, K,x),
The coefFicients, a, t (X,K) and a, (X,K) 
is the number operator for these photons, and
is the definition of the corresponding distribution function. Of course, the creation and destruction operators for the photons obey boson commutation rules.
II. BALANCE RELATIONS FOR THE PARTICLES
Our prime concern in this section shall be for the deduction of a 
and the boundary condition,
where f is defined by
In line with the above remarks on the separation of the temporal variation of f, into parts arising from collective and individual particle behavior, we set so that (38) may again be rewritten as
nn'
where the prime on the sum symbol implies that terms for which m'=m are to be omitted from the sum. 
also. Both l' and I' are unitary. Equation (25) may now be written as 
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In these expressions we have introduced
and The sq's are the unit, orthogonal polarization vectors of the photon 6eld. The first term in the decompositon of U~c onsists of the infinite zero-point energy of the photon field (which will henceforth be ignored), the energy of the photons which is proportional to the photon density only, the energy of the particles (including a self-energy due to interaction with the radiation field which will also be ignored) which is proportional to the particle density only, and an energy proportional to both the particle and photon densities -but only the spatial density of the particles. This last term is perhaps most conveniently incorporated into the energy of the "free" photons with consequences to be touched on later and discussed elsewhere. ' " In the calculation of the right-hand side of Eq. (43) 
We then And that Eq. (51) (55) I. ' d22r, e '*~x "'"+x' x ')E(X, E(X, x+R)e~' &x' x")
The transition probability for particle-photon scattering makes the approximation is given by 
EITPQ+EO'P3 EIT'P) EIlP 33-Xo(F-'.P+E. P, E,P, E-"P, E-3). (-58b)
The The parameters p"p,, P, and W are not determined by the sole requirement that S=0. However, the fact that they must be independent of position and time (because the distributions must be independent of space and time at this point in the present argument) suggests that the only interpretation available to W is that of an irrelevant, over-all velocity of the systemhence, here it might as well be taken to be zero. The further fact that we are dealing with the fully ionized, nonrelativistic plasma suggests that p, and p, be determined by the requirement that the integrals of the particle distributions over velocity space represent the In line with the remarks in Sec. II relative to Kq.
(47a), we here take the photon energy to be 2me 'p (X) They are generalizations in that for the particle balance relations the quantum statistics for the particles have been accounted for as well as the inhuence of particlephoton scattering and inelastic (radiative) particleparticle scattering, whereas for the field equations the presence of "fluctuation" or "correlation" currents has been noted. They represent restrictions in that the variability of the distributions and self-consistent (as well as external) fields in space, time, and frequency has been limited by the necessity for coarse-graining in space and time. If both the generalizations and the restrictions are ignored, it is seen that the equations comprise the conventional description. It should be noted of course that, if one wishes to ignore "collision" effects entirely, the Vlasov equation for a non-coarsegrained particle distribution is derivable in the classical limit, subject only to the approximations of replacing multiplet densities by products of singlet densities.
The generalizations noted here are not anticipated to be of much significance in the study of terrestial plasmas, and, as has been evident throughout, the restrictions have merely been qualitatively noted and not quantitatively evaluated. Thus, it is our opinion that the importance of this work stems from the demonstration that the extensively employed Boltzmann-VlasovMaxwell description of the fully ionized plasma is logically deducible in some sense, and from the sketching of a framework in which the restrictions on such a description can be investigated in some detail.
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